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abstract 


The intent o£ this study is to th A e t ^"present 
an Ethernet LAN segment to fiber optics 

time it is proposed to support an Fiber Distributea u, ata 
interface ( FDDI ) backbone and ^ to upgra *® h ns wi n have 
an b FDDI P ^nter‘ I f ace^. aCe, rhe P remaining° I sta'tions on the Ethernet 
LAN will be segmented. 

The rationale for »!£.« in, from E “e 

applications To -tensive document 
«ansle^s? and compute intensive applications. 
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SUMMARY 


The computer Aided Des ^ gn/ t Kennedy Space Center is 
(CAD/CAE) graphics Networks (LAN). These LAN 

composed of sev ®^ through either bridges or router . 
are interconnected througn Fthernet network. Tn ® 

Digital Equipment Corpor several Intergraph servers, 

a VAX cluster and there aLti 

plotting/printing/disk. t Ethe rnet 

The rationale for ml « rat11 “ptic^backbone is due to the 
configuration to a flb ® r workstations and the movement of 
increase in the nu^r o£ ^crKstatr environment .extensive 

the applications to te intensive applications, 

document transfers, i988 the Eth ernet 

In a NASR/KSC report Pt®f e " were only fourteen (14) 

utilisation was under ^ Headquarters LAN. At presen 

SSSS5.-2? set 25 

gently -A/KSC „ Q There 

T h e proposed solution is to use inte nigh en spird tC intelligent 
25 P various . con'iQ-r^tion^: forJ» ^ J bridge multiple 

LM's hin e 9 ither FDD! , Etherne ^Jy ^dJSrtagSs over shared 

^nei g t^'s SWit T C he ad^ntages include n U an 

^HtTi n com^cti v i ty !" °and ^better traffic management. 

iTSs P i-H5%sH4o^h 

.■sk rsss. 

rt «cogn°iied D , this is due not -ly^ . the 10^ ^ taking 

of the ECh ;™^ e C ^| r bandwidth available from FDDI . 
advantage of tne my 
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1 . INTRODUCTION 


The computer Aided Design/Computer Aided Engineering 
(CAD/CAE) graphics network at Kennedy Space Cente 
composed of several Local Area Networks (LAN). These LAN's 
are interconnected through either bridges or rovers. At 
_ „ _ _ _ „ x- LAN is an EtliGrn6t networK. 

design/ engineering workstations are 

nirTTt"Ai Fauioment corporation products r insinly# 

a cluTte^and the P re are several Intergraph servers, tor 

plot ting/ printing/ disk . 

The workstations use the VAX pr ^ ST-lS 

^InsZt control" Protocol/ Internet Protocol (TCP/IP) and 
DecNet, with some XNS (Intergraph protocol). 

The intent of this study is to investigate migration ^of 

-brVac^onra^ To 

F ? ber oistrrb^ed Data • -“To a fiber 

opt ic^int erf ace . ° PoVsib“ some workstations will have an 
FDDI interface. 

in the sections tha * ^ graphics 

network ^onf igurationr rationale f~ migration.^ thernet 

and FDDI prin«pl“ ^Ung and^ resultant configuration, 
and°prese n tation of the proposed LAN re-conf iguration. 

2. NASA/KSC CAD/CAE GRAPHICS NETWORK CONFIGURATION 
The NASA/KSC CAD/CAE graphics network ( 

composed of a VAlCcluster^i' tilJZiM and a V AX 6000-510. 
together a VAX 11/780, VMt. be replaced with an ALPHA 
The VAX 7 80 and VAX 15510 t b P It h as not been 

7610 AXP and an ALPHA 4000 axp iiJ-y. i tlv on -iine 

decided whether the host , ter The VAX cluster is 

Will be removed are ^ kept in the t through an 

Sh^ntt LAN and by Bridges/Routers to »rtsUtiots that 
are not situated at the Headquarters building (fig- >• 

The NASA/KSC CAD/CAE LAN Presently provides connectivity for 

oac, edl, 
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cif and the Merritt Island Courthouse (MICH) on Broadband 
communication Distribution System (BCDS) channel FH1. There 
is also a gateway to NSI-DECnet network. 

ThPrP are several DEC workstations in the Mechanical 
Engineering area and Boeing has a DEC workstation. These 
are VAXstation 4060 's and 3176' s. 

c “p-eriy^\VD^^rt^rron 

oCher TiCef ,'in tie future, and 
presently to off-KSC sites. 

3. RATIONALE FOR MIGRATION TO FDD I 
The rationale for migrating from the present Ethernet 

Configuration to a fiber ^Ptic^bac^o^ i^ aju^to ^ 

Cf^PPlCations to a windowing environment extensive 
document transfers, and compute intensive applications. 

( o \ nrpcpntsd in 1988 tlis Etlisrnot 

Utilization was under 5% and there were only ^““ aVpT' eslnt 
Intergraph workstations on the Headquarters LAM. At Present 

30 i 40 Z C i Cverage 0 d 70 ov\r h “ longer “timC^eriods . There are 
presently 58 workstations on the NASA/KSC HQ LAN. 

IH^llt^ChaCC aC” be^llCilClleC 0 oler^ a "^hannel° U in 

bits/second. This is a different definition than used 
electrical engineering terminology- 

TT ■ dtC^ o/ t V he ra cAD/ a cAE er L^ tlV 0 S ne 
rCa ^reconfiguration ^of the 

whereby one tries ^o l°f 'nlJel This 

results in usage of Bridge/Routers^to^connect ^various 
segments. Propagation delay network propagation 

Bridge/Router is b i^° e nthe?lmethe message is 

delay is the amount of by the intended 

sent from the n is presumed 

destination. In between the workstations and the 

VAXciuster , “thereby "segmenting would not alleviate the 
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ci nre the channel would be 
problem between '"the the VAXclustet I^can 

Sf U ccn d cluded ee that poor .f^^r^hanLl bandwidth and 

anFDDi ;; r;:i to 

P?££ 

l ms?- -ig 

certain « orksta ^™| /h c ° 0 S m ponents which Proau«/ rec “^in a 
STwaHic.' oHave highly locairzed traffic 

workgroup . segmentation will 

A « rule Of thumb" to determ^^whether ^ i.e. , i* _ local 

increase LAN capaci^ tra£fic generated and P e ”f enta tion 

U af 20 lC * t^n the LAN ^ “^tion » s..^ 
of that wattgrohP; Of f renote traffic must ion . 

increase conge different segments to reach ther segments if 
r^cre^ of d bandw\dth could l occur » »«£ £* sources 

their is considerable remote^tra^ ^ fcheir destination. 

traversing a comm segmentation, is the 

Another aPProacff t ' s MS” fnd^ble 

Sr 

externally, f a yer l u t 'allows one to migrate to FDD! 
propagation delays ' “fiber optics entirely. 

than configuring for fiber , rations between 

They also Provide tc " a ^ nt Swidtf LAN ■ s ; through 
workgroups and can match df« ara nera i one can 
the switch ih« r£aoe - ropagation delay (latency), 
high-through-put, 1 P between end-stations. 

transparent communication __ reasonab le 

1- of the NASA/CAE LAN this workstations 

in the case , reas0 ns . one, most o would 

- - to C, 1 

ST U ^ ^ figurations 

needed. Thirdly, th( ere should be initiated, 

at KSC and planning to migr 
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4 . ETHERNET TECHNOLOGY 

, <- i tuff 802 3 carrier Sens© Multiple Access with 

Ethernet (IEEE 802.3 carri provides the services of 

collision “teflon C S MA/ III InCernat ional Standards 

the lower two layers m mformrinpction (OSI) model 

organization (ISO) Open Systems I^rconnection^ ^ ^ ^ 

for network protocols. ineie 

model . 

- v. r j of ripscr iot ion of their functions 

The layers and a brief Physical layer which is 

follow. The lowest th b its ^over the transmitting 

gonoerned with transmitting the bxtt ov,^ iayer 

medium, the next iay . line for transmission and 

concerned is a delineation of the 

framing the packets so that there detection. This is 

packet boundaries, addresi Physical layer, for which Ethernet 
the layer, along "I th Network layer, this layer 

is used. The next 1 y routed through the sub-networks, 
determines how packets are r ^ i aye r, which mainly 

Above this layer is smaller units, if needed, and 

fragments the P ac * et raamen ts will be correctly put back 
insures that th ®^. the session layer, which is 

together. The next layel f to t he network. The other 

basically the user s “*“ ntation and Application layers. 

Sey abused for tasks, such as data compression and data 

distribution, respectively. 

The Physical layer characteristics for Ethernet are: 

Data rate: 10 Million bits/second 

Maximum station separation: 2.8 Kilometers 

L a di““ ?wS?ed°pair?“oaxial cable, optical fiber 

^ical^S Stir bus Hierarchical star 
Maximum frame size: 1518 bytes 
Frames on LAN: Single 


The Data Link characteristics are: 


1C WA. — 

. i nmrpdure • Fully distributed peer protocol, 
Dink control J-roced^ticai conte „tion resolution 

Message protocol: variable frame size, best 

delivery" 

. i a, all stations 

Ethernet is a earner ri ng nS their° transmission, terminating 
monitor the cable during f * collision is detected. When 

Ir n Ethernet n stTtion wishes to transmit a packet a carrier 
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sense is performed forcing ^ therV°is no station sensed 

transmission is xn progress « « er ® an is transmit after an 

to be transmitting then t g ible that two, or more, 

appropriate delay. 11 15 v .. same time and 

stations will sense ^channel e^sibi liW outproducing a 
begin transmitting. This “! , cont i nue monitoring and sense 
collision. The station will continue ed the stat ion 

this collision. When a c ° reschedule a re-transmission 

W i 11 a S ra P ter r " t Te " L random and is 
selected using a binary exponential backoff algon 

5. FDDI TECHNOLOGY 

FDDI is a token passing technology Ui at ^u^es a ti etwork 
protocol (4). There can **™£*£* f Z£* S or a dual ring 
which is configured as a logi presently optical fiber, 

of trees. The media standard Da S ck et overc 0 ^ per is also 
although transmission of the packet ^ standardf in the 
being considered and shoul ^ is Copper Distributed 

future. The designation f or plater ^is of 

Data interface (CDDI). for a predetermined db loss 

-TrlaS? 5STSS2 

with 6 the^copper S media . “ESS J ’-Ling addressed. 

mainly through twisted pair and shielding. 

As in Ethernet FDDI provides services at the lower two 
levels of the OSI model. 

A brief description of the communication on the ring 
described below. 

There are dual fibers in the ring nel twork.^ OneJU t hl 
used as the primary tr — mission | ^ rings are independent 
secondary transmission P atl J\ T the 1 cable or a component. 
At 1 ” that ^%rrS S e a^j£j> g ether h to isolate^the 

"wrapping^. °lf tT fauTt” occur then systems can become 
isolated . 

stations ( components) are c °“ n 1 ® c 1 ^* d ^station to the 

ring. Data is transmitted serially 1 s che repe ater 

next station downstream. Each stati P re _ tran smit to the 

‘exfttatron^lhUe^ss^bl^'inserting data frames of If. 
own. 
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The right to transmit data frames is controlled by a token. 
The token is passed from station to station, and when a 
station has the token it can add data to the transmission 
frame as long as it is allowed to hold the token, this is 
determined by a system parameter called the token holding 
time. When a frame returns to the sending station it is 
stripped from the ring . 

In the FDDI standard one can have multiple frames on the 
LAN, as compared to the IEEE 802.5 communications ring. In 
IEEE 802.5 once a station has captured the token and 
inserted data onto the ring , it has the channel captured 
until the receiving station removes the data and re - sends an 
appropriate token. 

The fiber optic cable can be broadly classified as either 
Multimode (MMF ) or Singlemode ( SMF ) fiber. Multimode optic 
fiber means that there will be multiple modes transmitted on 
the cable. The core sizes are typically, 50, 62.5, or 100 

microns. This creates modal dispersion which affects both 
the distance and the achievable bandwidth. MMF can use 
inexpensive light sources, as compared to SMF. The mam 
result from using MMF cable is that maximum station 
separation is considerably less than with SMF cable, but 
attendant costs for transmission components are cheaper. 

SMF has only a single mode of transmission. The core size 
varies from 8-10 microns, laser's must be used for 
transmission and there must be precision alignment. 
Station separation can reach 20 Kilometers, oi more with 
SMF. Normally, SMF cables are used for intra-building 
connections . 


The characteristics of FDDI are: 

Data rate: 100 Million bits/second 

Maximum station separation: 2 Kilometers for MMF or 

greater than 20 Kilometers for SMF 

Maximum number of stations: 500 . 

Medium: Optical fiber and copper shielded twisted pair 

Logical topology: Dual Ring or Dual Ring of Trees 

Physical topology: Star, Ring, Hierarchical Star 

Maximum frame size: 4500 bytes 

Frames on LAN: Multiple 

Access Method: Timed-token passing 


562 


6 . FDDI COMPONENTS 

The FDD! concentrator <3 , 5J h« a intte various 

FDDI topologies, whlch ” JLt orovrdes a connection point 
concentrator is a exponent ^at Provide^^ ^ other FDD! 
for various end stations 
devices (fig* 3). 

There are four port types used in FDDI components: 

i-n i-he incoming primary ring and the 
° outgoing°secondary rfg^f the%DI dual ring. 

o Port B connects to outgoing primar^ring^and the 

incoming secondary ring or cne 

0 port M connects a concentrator to a workstat 
or another concentrator. This pore i 
in a concentrator. 

O port s connects a singly attached component to a 

concentrator . 

one can have either dual .ors^tSAcf ^h^DA^ if use'f fn the 
single attached concentrator l conn ' e - oted to the upper level 

fng through*^ 1 DAC . A DAC wil ^connect t the dual ring via 
S s ^r d t B W h P ^h tS isto^ h ed S 4 C an upper level M port. 

The concentrator is a Phy fosts/se^ver sTwort^a'tions^and/or 

othe^concentrators 1 to tL ^I^dual ring. 

There are two WPes o* c °nnections either is 

One is the single attached SAS has Q ne S type 

the dual attached station ^ ™ via a „ type port of 

r 'zxzssr stre 

isolated if ‘ 

t-n both the primary and 
Dual attached ^ual ring. A DAS has two ports 

secondary rings of the FDDI du 1^ 9 fc connec ts to another 

an A port and a B P ort * th ^ h % A p o?t connects to another 
stations B port, while the B ^ equire a concentrator to 
stations A port. A “S d °esn t | A disadvantage of 

connect to the fDDI ring like the DAS's fail in 

thf^ring fhen^the sStL^s become isolated. Also, if 
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several DAS stations are "turned off", without having 
optical bypass switches, the FDDI network will be become 
isolated. A DAS can be connected to a concentrator by using 
the B port for the connection. 

FDDI controllers connect end user stations to the FDDI 
network. The controllers can be either SAS or DAS. The 

controller has an interface to a particular workstation/hos 
or server system bus. It should be noted that not all 
components have FDDI controllers available, especially if 
there architecture is of an earlier generation. They can 
also be quite expensive in comparison to the value ot til 
component to be upgraded. 

7 . FDDI TOPOLOGIES 

The FDDI standard permits a diverse set of ^ pol °^® s . ^ 5 2 ' 
In this report several will be discussed. The one 
presented are the following: 

o standalone FDDI Concentrator Topology 

This topology consists of a single attached concentrator 
from which components can be attached. These stations 
can be either SAS or DAS. This topology can be used to 
attach endstations together that form a workgroup, 
is a useful topology if the building is jlreBdy prewire 
for fiber and one does not wish to install a dual ring 
FDDI backbone (fig- 3). 

o Dual FDDI Ring Topology 

This topology consists of dual attached stations being 
connected directly into the dual FDDI ring. This 
topology can be useful if their are a small number of 
stations. The disadvantage is that it does lend itself 
well to additions/moves/changes. If a station is 
disconnected then one has caused a fault in the ring, 
if this is a single fault "wrap around" will occur. If 
there is more than one fault then stations will be 
isolated. This topology should not be used for DAS 
connections, unless there is little risk of the useis 
disturbing the connection. The ut libation of dual 
attached concentrators in a dual ring P 
accented topology, since they are presumed to be 
in service at all times and this also will provide for 
expansion (fig. 4). This will be discussed later. 
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O Tree of Concentrators 

in this topology concentrate ors„ar ^ 

hierarchical star topology. a nd other 

designated as the root of These components can 

components are connected to t. These co mp 

S.% Clonal 

ras 5 ^ »Lr^te^ : £ 

concentrators. This topology is best to be 

lsolate 

faults from the rest of the system [txg.o) 
o Dual Ring of Trees 

This topology is a g urations Ual Basically , one 

tree of c °"«"^f°ree Sf concentrator topologies in a 
connects distinct trei e ui ti as the FDDI 

dual ring. This dual ligj topology when buildings 

backbone. This is . backbone. It has the 

will be connected via a FDDI b | c * b °£ e - aed typ es. 

advantages and disadvantages of both merged^typ^^^ 

It Is the most ® th e availability of the 

fault tolerance and increases uw ^ 

FDDI dual ring backbone (fig- 4 and 5). 

o Dual Homing 

The FDDI standard allow, 

Sn^B^ally. .this topologi r i. 

follows. The dual ring has at least t connect ed to 

in An M Port from one eancjntr.to^ hierarchical 

the A port of a DAS l«nicn concentrator is 

level) and an M port of the other ^ b pQrt 

connected to the B port otion to the DAS, while 

connection is tne p tJ - u •* aq is t he backup 

the A port co ™ e ^°£ r °n ary connection fails then the 
connection. If the p activated. This concept can 

backup connection will be J^ connections from the same 
also be applied to two M P°^ C ?™|^ er diversified 
concentrator. The co ^®Pi a a " ha * are being used in the 

by putting the concentrators that pare Th ± s 

in the FDDI 

standard (fig- 6). 
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8. FDDI INTERCONNECTION DEVICES 

Bridges and Routers are interconnection devices for FDDI 
networks (5). Bridges act as Data Link relay between 
networks In our case the bridge would have to connect FDDI 
to Ethernet LAN's. Bridges are protocol-independent and 
basically store and forward devices. 

Basic FDDI to Ethernet bridge functions include: 

o Source address tracking: This will al i° w K the t0 

determine when to forward a packet and when to keep 

local . 

o Frame forwarding and filtering: Frame forwarding is 
achieved through table lookup, while filtering is the 
process whereby frames are prevented from crossing the 

bridge. 

o spanning tree: The logical topology of an extended LAN 
miicit be loop free, i.e., there must be a single path 
between all attached stations. To prevent laical loops 
bridges must form a logical configuration called a 
spanning tree. 

n Translation: The bridge must modify the fields of the 
forwarded° frame to make it compliant with the format of 
the network to which it is being sent. 

o Fragmentation: Frames may have to be fragmented when 
moving across the bridge boundary. FDDI frames can be 
up to 9 4500 bytes, while Ethernet frames are restricted 
to a maximum of i 5 18 bytes. Therefore the frame from 
FDDI to Ethernet may have to be fragmented. 

o Bridge management: Ability to monitor conditions and 
implement filters on extended networks. 

9. INTELLIGENT SWITCH 

There are various configurations for high speed intelligent 

switches (6). They are used to Others 6 The 

either FDDI, Ethernet, Token Ring oi otneis. in* 

intelligent switch offers many advantages over s l ia ^ 
channel 9 LAN ' s . The advantages include a n ^ aa | e ion in ^ 
handwidth latency (propagation delay) reduction, 
increase in connectivity, and better traffic management. 


Depending upon the vendor the switch may/may not 
interconnect various communication standards internal y. 
Some of the configurations are: 


o Ethernet to Ethernet switching 
o FDD I to FDDI switching . , . . 

o FDDI to Ethernet to Token Ring switching external y 
o FDDI to Ethernet switching internally 

There are switches which allow only Ethernet to Ethernet or 
Token Ring to be internetworked by bridging. 

The FDDI to FDDI switching configuration is basically a FDDI 
concentrator. One can typically purchase FDDI line cards 
with two (2) or more ports. These ports would support SAS 
or^DAS^devices , or P^esunably SAC or DAC c oncent rators 
Through the purchase of appropriate bridges FDDI ana 

Ethernet segments can be interconnected These switches can 

set up concurrent connections to obtain an aggregate 
throughput much higher than a single segment could obtain^ 
These switches achieve low latency by not utilizing the 
store and forward concept, but to use cut- through 
forwarding . This technique forwards a packet as soon as the 
destination address is determined from the header. 

Another switching configuration has backplanes for various 
communication LAN's, such as FDDI, Ethernet, and Token Ring , 
i e internal to the switch is a collapsed network backbone 
appropriate to the technology to be utilized One could 

connect SAS/DAS stations to the internal FDDI dual g, 

Ethernet workstations to the internal Ethernet LAN via an 
Ethernet card, and also suitable connections i for Tok “ R1 “J; 
Then externally through appropriate bridging one can 
interconnect the various communication configurations^ is 

offers more flexibility than an FDDI switch, but tne 
switching speed is determined by the manufacturer of the 

bridge. 

Both of the above solutions offer the advantage of 
non-proprietary solutions for obtaining interconnectivity. 
SrSore if bridge technology is upgraded one could 
purchase a bridge with that technology and integrate into 
the network. The disadvantage is that numerous components 
wiU have to be purchased to integrate the network into the 
switch environment and overall propagation delay will 
probably be larger, than if the bridging/interconnection 
integrated into the switch. 
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Another type of switch can be called the intelligent switch, 
in that the internal configuration is such that FDDI can be 
integrated with Ethernet communications (fig. 7). The 
concept is to have a collapsed FDDI backbone internal to the 
switch and be able to bridge from external FDDI or Ethernet 
stations through the FDDI backbone. There is also the 
possibility of switching at the module level without going 
through the FDDI backbone for the Ethernet module. The FDDI 
module must go through the FDDI backbone internal to the 
switch. 

Each Ethernet module contains ports which can have either 
Ethernet LAN segments connected or a private Ethernet 
channel, i.e., an end-station. Ethernet segments attached 
to a unique module are switched by an internal bridging 
function to the appropriate output port. Ethernet segment 
connections for ports on separate modules must go through 
the FDDI internal backbone to arrive at the destination 
address. The same is true for FDDI SAS/DAS connections. 

This allows very sophisticated interconnections between 
dissimilar LAN segments and also allows gradual migration to 
FDDI devices as bandwidth needs increase. The communication 
between Ethernet and FDDI is transparent. Due to the usage 
of the FDDI internal backbone (backplane) there is a maximum 
of two low latency "hops" between any two stations. 

Normally, a switch will have filtering capability based on; 
source address, destination address, protocol type, or some 
combination of these attributes. This can be usually done 
on a per port basis, or workgroup. Some routing functions 
can be obtained through this capability. 

10. WIRING SYSTEM TOPOLOGY 

The wiring topology (fig. 8) is divided into several 

subsystems (5): 

o Campus backbone system 
o Building backbone subsystem 
o Horizontal subsystem 
o Work area group subsystem 

The campus backbone system links clusters of buildings 

together within a site. The building backbone subsystem 
provides the link between the campus backbone and the 
horizontal areas. The horizontal subsystem provides the 
connection from the building backbone to the work area 
group. The work area group subsystem connects the user end 
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stations to the LAN system. Typically, there ^ * lso “ 
administrative subsystem for managing the other subsystems 
and their various components. 

one could propose that the FDDI KMAN which is currently in 
operation would be the campus backbone and the configurat 
which is proposed in the next section would comprise the 

romp^? 9 e(r“ a slnc°e rK the™ are^nLerous other LAN ^s for 

B “e proposed configuration . 

11. CONFIGURATION FOR MIGRATION TO FDDI 
The present Ethernet LAN in the Headquarters building is a 

single segment LAN with brid ^e/router connections t th 

“Hss ssbs 

configuration is proposed. 

This configuration consists ^ ^or^f "the^buUdingy^nd 
Workgroup switches for the thir where an additional 

LAN r is°prese S nt tC This* configuration wni allow ^ation^to 
SSS Vented . which Should provide 

ke t=d^i 

FDDI controllers available and hence will dule The 

rSSnSSSa Area °Ne two r k ^ill "b ^provided 

by a Router. 

risS*i‘3w a -”Sssr - — — 


o 

o 

o 

o 


System Processor Module (SPM) 
FDDI Enterprise Access Module 
FDDI Concentrator Module (FCM) 
Ethernet Switching Module (ESM 


(FEAM) 

) 
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The SPM module is dedicated to the management of the system 
and it continually monitors the system and is used to 
configure the system. This module is required. 

The FEAM provides A/B ports for connecting the switch to an 
FDDI backbone. 

ssr”*s 

backbone. The FCM has either four (4) or six ( ) P 

, . , . / Q \ nnr *- c for Ethernet connections which 

The ESM has eight (8) ports torjtnez ne^ tQ FDDI 

( fig . 9 ) . 

SS-, K V;"V, j-r .su.-s.'s: 

utilized in both switchos . 

to achieve reliability in the ^ ^nvironment , ^the 

horizontal switches are dua This will allow alternate 

m0i ?* S 1" t ^e bU1 of n \hr 1 \tncen T trator lll m odules heco.es 
inoperative, “ft. building switch also 

dual power supplies one integrate 

vers nto the networK. a hut 

r F irfon°t y rol £ ?e r rs th a e nd V, ^ual ho.e 

operate in this manner. A p cluster there are DAS 

controllers available for the VAX =^er th that 

Te 1 i n° "t h e b pres e n f 3 Etdieim e t ° ^ e t w o r k** ^ n d /or see of the 
Intergraph workstations. 

Spare modules and a spar ®. result ^ro^^^ilure . 

mission critical these precautions 
should be sufficient at this time. 

This configuration, which ^ a ^etwo^k 9 for^the t0 CAD /CAE 
design/d^^°loEm^nt Environment and also provide a path for a 
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a fddt network environment as 
resources te^o^e^avaUable and/or the network beco.es 
saturated (fig- 10)- 


13. SUMMARY 

The proposed intelligent switch ^^^^sou^ces become 
path for migration from Etherne t er bandwidth. The 

available and loading t u on a i S o provides a gateway to 

intelligent switch (ATM) when it becomes 

a?es^d Carped Applies on the building 

switch. 

This configuration shou “ o^TODI 

the Ethernet Cluster various Intergraph servers, 

controllers for the VAX I clnste have a high workload, 

and several VAX workstations whi Ethernet workstations 

one also has the 0 P tlon '°Sa a i so be noted that other 
if the load demands . It f*° ui until all workstations are 

developers have repor ,, increase in throughput is usually 
upgraded to FDDI a “table increase ^ 10 M b/s output 

not recognized, this is due not c , 1 ^ are not taking 

advantage^f ^he higher bandwidth bailable from FODI. 

several items should be addressed in future work: 

^ t 


iveidx 

O A simulation of 2 °“ “ 

comparison^to°various^alternative systems, so that the 

configuration can be fine-tuned . 

o A reliability study of various configurations^so^that 

required^for^^certain^level^f reliability. 

O There should be a network ±m a ^ s ^^ey U a s e additions / 
rel^fnf/^morement 2 / upgrades of components are done. 
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Figure 2. NASA/KSC CAD/CAE LAN - HQ's Building 
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Figure 3. FDDI Concentrator Figure A. Dual Ring Topology 


Figure 5. Tree of Concentrators 
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Figure 6. Dual Homing 



Figure 8. Wiring Topology 
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FDDI Dual Ring 



Figure 7. SYNERNETICS Intelligent Switch 
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Figure 9. SYNERNETICS Ethernet Switching Module 
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